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(54) GAIN-GUIDE-TYPE 
SEMICONDUCTOR LASER 
ELEMENT AND OPTICAL 
WAVEGUIDE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To 
provide a gain-guide~type 
semiconductor laser element that is 
optimum as a light source such as 
an optical pickup and is suited for 
high output. 

SOLUTION: A gain-guide-type 
semiconductor laser element 40 is 
provided with the same 
configuration as a conventional 
semiconductor laser element 
excluding the configuration of an n- 
side electrode. In the element, an n- 
side electrode 42 is divided into 
three electrode, namely an n— side 
current 43B immediately below a 
current injection region and n-side 
electrodes 42A and 42C being 
provided under a current-narrowing 
region at both the sides. When the 
three n-side electrodes 42A-42C 
are allowed to conduct electricity as 
one n-side electrode 42, and a 
forward current is allowed to flow 
between a p-side electrode 28 and 
the n-side electrode 42, the same 
laser operation state as the 
conventional semiconductor laser 
element results. When the n-side 
electrode 42B immediately below 
the current injection region is 
turned off and a forward current is 
allowed to flow between the n-side 
electrodes 42A and 42C and the p- 
side electrode 28 at both the sides, 
a current distribution changes and is 
dispersed farther in a crosswise 
direction, thus allowing a waveguide 
state to be nearly equipment to the 
state where a stripe width W has 
been spread and angle of radiation 
0" grows large. 
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(57) [SiKj] 

3*5g^^tDT«:S;Cte.n/tnMS«i4 2 A. C i©3S 
3{@OnffliJ^4 2 A~C^^il 
t^X 1 ffl©nffiiWIS4 2 <!: p{fijm@2 8 . nffl^ 
@4 2i©ri«:lH5^fai©^jiiE;g:0ict-t. **©FFP!Nf 
tt«:J:<3. Sf3fe©*^#U-1f^^<!:|^DU— tfftfPt^ 
Sg<tfj:S. mSfc?iA«fe«T©nfflr]mffi4 2 B*:^-:7tt 
,!gtCb. ^©MttiJ©nfflMffi4 2A. C<!:pffiiMffi2 8 

L ©raK:ji:&[Si©s8S*ijS-r t . sjj£»fl)*«^{fc l-t . 
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imsm 1 ] — ©«SM©^ h 7 <) "J S>SPS:± 

6n/c±fc^s«3»i . mmmmicm htifdm i 
mtstmmmm^mt im^ . ^mmm&<D^m*^ e. u - 

^l©m@*5. 1t^<@©}±iLL/Ai^«C^S(I§nrS« 10 

RffiKsag^n. A^-o^sa^ti/c^i ©^«s©-&<? ill 

A.-r^mmmmm<mnmm<mBmmicmi n/c 2 
©^s i . mmmm t imKtm<Dmm.sm<:Dm^mmic 
X h 7 -f y^Tmm±.i:^ii>xm^^ ntc 1 ^i©s® t 
-5 c t 1 {ciBts©y-r > 

A.-ctiimummommmm<Dm^m.mi<c^ii ^ntczm 

©m@{cA)itT. ]ECCSlJ©«eig:ffirgS2{l©Sffiia©>^ 

h 7 7-?iJtJi«cis^-cti -s. c i ^mwii^r i>mm 2 

gpccWLT. -©^mSi«S*t©^SS©««K:^C:f 
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©mS<t>Pt*^-ril2©flS<fc. Xh5-Y-/t^'J 30 
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ll2©se?rtt^•t?aiiB±{c. -en^en. j^sstsn/c 

l|3©«ffi<!:> 

^ 2 ©Sffi ill 3 ©m«Bi ©ra «C3£>'-! -< T ©mH^rEP 

^l©y-f>j!f-^ KM^fe«j^©»WJIifiB. RO'. ^ 
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«^i>i*>&^-r^@<i:©ra-c. tBS(cSiS:L/-c. m 

[000 1 ] 

!f«^^K:Mt. M{C»*ffl(c«, FFP!^tt©)Bt 
e-A-:/>;>:Jr^©» Jic/7fe3ifi^if©i-— !f3teiiS 

t)©-C*S. 
CQ0023 

[Se*©Sei5] V FS 
-IfW. S^iW:^l^iItcW^'f»)f=tt:t©S*T*il^:«l/ 

fti > «>©©. «8E»se«u««:cfc r> c iaA«aE©iA 

•5, ^mmx\ Fs^^b-ifis^i 

g^i^f^[6](c»f'P0-oW©®tlT«m^ (An) 
i{i%im>>tP. «>-:>rfeAn3&J0. 0 0 4Sffi«T©l:b 

[000 3] iC€.-C> FM*^ft:U— tf^ 
BI»)3fe>'-/X*?gEi!>S#4±-C«fijT?*i*>© 

©, FFP!^tt©*¥:^r6j©i£*5»3:ft*vjN§ < . hk^ps 

IH,>im^if*«>*e©-C. C©J:5«:ii***??g-r* 

t>©iL.T;:^ f-^-f^'CW^^-T— -'^•Wi:L/cTAPS 
«ii (Taper Stripe. "i—J^T. h ^-Y:?") :<|SffiSgSn-C 
li*. CC-C. I2l8Sc;iil9*#MUr. fie3fc©TAP 
S«^©y'/>:^/'r FS*^*U-1f^^©«fiS;?:"Si?« 
■r-6. 08KSe3fe©TAPS«jt©y-f>;</-Y FM¥^ 
(*U-if©«fiX«:5^-r*rSimS, 9 »0 8 (CSr 

TfAl^iiA FS¥^(*l'— tf©mWJSHT-©^fiS;il-t? 
*>S. Se3fe©TAPS«jg©d7'^>;tf^' FM* 

!fS^^l 0 (J^T. «#tCit£*©*iS(*U— !f 

sR^ 1 0 ) «. yi?-a3iM©y-f 

*ffll^:rc, 7 8 0nmjKS^^©U— 9'7fe*^3^;1''&A 
1 G a A s ttlf4lS©iiijgi* U - 1f -C* -S , ^m'iJ^ U 
— If^^IOJJ. @8Km-r<fc'5K:. n-GaAs»ffi 
1 2±K:. Ili^X. eRIi3*T/c. n-AlGaAs (Al 
fflfiS: 0. 5) i'^s* Fai 4. M/¥7 0nm©Al G 
aAs(Aim:0. 14) rSttJS 1 6 . IgJll . 2 
am©p-A 1 GaAs (A lifflfiR: 0. 5)i^95»F 
^18. SD^M/IO. 5 /zm©p -GaA s 3>*ii' h 
^2 0*^<=,^j:S^ll^3g^:ii^-Cl»5. 
[0 0 0 4] 8|jl«ji©^^p -A 1 GaA s^?^' F 
)114©±aSRi:Xp-GaAs3>^i'H12 0». X 
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4 it. m^ttG a A s asbii^Bt? ^)vV2 2 ^Sfeji 

3^«2 4-Ci**tifcflSfeaA^^©irr©A I GaA 

sr§^16*^ U— y^3^2 6i^c^„ 

— '^•t^C{C>^C-5•Cl>•C. «»$l{^^iS2 4 ifiittS 1 6 t 10 

p-GaAs3>^r^MB2 0±K:«pffliJ«fiS2 
8*5^ RO\ n -GaAsS«l 2©SB«C«nffl!lSg 

[0005] 

«ju— tf5ST--c». S2|sfl<)tc«, wmnmne "ii. ^ 
or. w > x% h ^ t5':&ifijK:ei«fl<j«:»3!p or > 

U--!f7lE:©*iJfflJ5ft^*S> FFP (Far Field Pa 

ttem . mmm) (Dm^<on (.e»)nnt, u>x 

jllL.c»itOCi=&tifiiie:ur. ee*. *iMK:^ii#*u 
— tf^^cDSiB:^{b«ria-Dr*fco ccr. e « iti. 30 
u-if3fe©F F p^^tt© — Dr«>-:>r. 

tcWi&i5SS*ft1#ttr«)*. 

[0 006] bifU. J:*!^u>X^^^Kati*iUr. 

f. ^ > ^ esf3fe©3t f -i. T :/r 

!£:«-r^flll14©^ *-XA^&Ci^;fe56@K%«J!X1-4C i 

«b©^*^w ^t>si5a%rtja-r 4 c i {c *fc»{c . 

tcc^ts/ta?). ifSft^-oSftfmtttc^t^r^ 

«t4*I^iJ± $ -a- C i *SSt t C ^ <!: t ^ 5 * o fc. 

[ 0 0 0 7 ] cr. 2|!:^Bj©ae(]B. ^b- ^ r ^ 
^3!£aai trj&arftor. isa^jtcjaL/c^T'^^;?/ 

[0008] 

[iligi*)i?^-rs/c»®^e] y^>tt^ 
KM^(*W— f^^-OWlfP^W^L. FFP©0#!^ 50 



!^§§2 0 0 1 - 1 27 38 1 
4 

KM^^i* u — «f ^^=-©rait^r©Kti-^<^ ^ - ^ 
mi oRz^mi i*#MLr. i«Bj-r-5. 01 o« 

Sft''<5>-if5:iftBJ^5»tM0. HI 1 (a) 

iph icy K. ^n-en. y^>i^^ m^mwi'-'f 

m^f-O:^ h -7 7"ltsi®S:»:?&RJ>*0 » ©T^ct 5 i©^ 
^5rlftBJf ■S/c&©»ffflSr4>*. FM*« 
U — tf 5R^©BfE«tjSr ©Kf^-'^•■7 ^ - i U r . @ 
1 0 K.7]%fJ: ^ fc. d : rSttJi/Si^. d 2 : 
<bffittJl<b©ffiit. W:^h7^m Wc„K :rgi^ 

[000 9] ±5B©^it>'^"^>-f©5^. «JSe<){C, 

^c»«^'P«±r*|Jipr&^iS:it^^•7^-^^». rmmm 

*d. «iS»^«<tt£ffia<t©ffiIlld2. RCfXhv-^ 

7*»iW©=-:>©^^<5^-f r*-S. F!l:itf> Eio 

r-tt. ^ai(*u-ifjg^i orgSi^L.fc.fc'^K:. r§ttB 
1 . 0 m m . RCKX I- 5 -Y :7'SSg|5©X h 5 -f ^'ifgWi* 

3. OMinr*^.. -e-br. c*xe.©i9ft>'<v->'-ir© 
fii{ctti?Lr. ffittJi«r©«S£aEA«isiiw.„. . 36 

h1f ^XW,,T *s^5t3n. ^Oifell. 
©U-1fi^tt*s^*S. 

[0010] ±3^©sstt>'-!-7> - i'oymmw-r^m'f- 
<o^%. mui, FFP^©£» /' mmn^m 

^|jStt,1l©i?S*«t:tm»= ccr. mi 1 (a) 
(c)4#ML/r. mdi£J*^®4ft1±ili©ffiSfd2* 

irA>ii-< K^jftME:©^*- 1. H^-/XW.,T Riy^F F P 
©0 «©^^t?&lft?§f HI 1 (a) tC^TJ:^>tC. 

W„T «J*5<*»3. FFP!^©0//«:A:*<J&4. 
[0 0 1 1 ] cn». — m> ■SJS!!>{CSA-57!)5, S 1 2{e: 

±M<ommt, y-f>©4D-5ig***>Aorte«*sci 

©S!*r*^c<!:*ie>a^r#-S. fc;^cb. «^ffi:3!>s«3 
Wc. *JiK<^j:-&t. m(c-ir--f>iHdSffi;*i4*>wr»itc 

*iM<^cr):^cJg^». 4©Sf y-r>iliifeJii$<^c^). 
[0 0 12] HI 1 <a){CRi>t. c©tt^r»e" 
«l£<!6c-5. C*itt. X;j<^. H^-^X*fiK<. iSMiiSa 
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[0013] d2i)m<fJ:'=fcW,^it. Ml 1 ( b ) K 

(a) {Cm-rWJ:«3S*<«:-5/tli^{c«. 01 1 (c) 
[0 0 14] C<DJ:5icy-f>*V KM^^'^U— If^ 

■C. 2pc|ll§#«. S8£®Jl£*si3ft^«:PaSL-C. FFP 

[0015] ±iEaM=Sr^)S-r.5.fcit>CC. :*^HJK:C^S 

X h ^ ^ r^'tt 'J V s;Si5<DS±B±K:a:W 1^ 1 

^Kfcl^-C. Ml 1g3^fflOl4SL/c«figK:» 

SK-r^©*<i^ tri * S C i %!^S5[ <!: u trt > * . 
[0016] :*:^HJ-C{a. ^(I$*a)tll 1 30 

KiD. So£©J!£;di'3:ft^ (fiij£:»?fl) *issi/r, f 
FP1$tt©0# ()iS«ft^$tt) ©;*c#a<&$ijiii-r^ci 

[0017] :»fiju/c^i ©m@©ji5R leafcti. m 

^»^•cal^^E^BlJ©s«il®©ssg^$I^^c^lf f>nfc 40 
2 momm t . tai*^® <t «js*ffflij©»*s»ffi©^^ 

©Sffi©— *i»2 ©SS<t©raK:ras^**^-r c icc 
J:*). -:&©mi©«ffii'JK:u— tfTt^ffli^iS-t*. 2ffl 
(om 1 ©«8@©fib:^ ^ n 2 ©sig t ©r^^cffimsSE^tg-r 

CtCCJ:^. fl6:6^©mi©SieffJ(CU— !f3t>S:^@|^J3•l± 
[0018] g!l©ffi«|-C». 1^ 1 fflSfiB**. X h 

^ -r :?'il:T^^l!l^^l{^t?ws^«®p©'SffiSli©ffi8qsI so 
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©«®©i, i-rtiJip tmz ©«fii i ©H-cwfisss^ssf c 

[0019] 2|s:^?a«:^&*SiJ©y-<>*'-{ KM^Ji^U 
— lf3R^^ (fetT. ^2©f6?gim5) -©^1^© 

^»yg|5^±Sl5tcwor. -©^^Mt« 

ffi(cg:w 6 *i/cm 1 ©me i . X h -7 i^gp© 
ftJJi±tcS:tt 6tx. m 1 ©mffii»?:)jX^m2 ©m@ 

-©5imst«JS>pt©^ms©ajAii-ejfjfiR? 
m2©me^:^>i^■caJiJi±{c. ^tv^ti. j^^ss 

/S-YTX©fiBE*Enlin-r-5.*Si «:ffl;l.TC»*C 
[0020 ] */c. 1^1 ©«ei. ll2©Sffi<!:©raK: 

©PB1tciM^^•'^rx©liE*Ell^ra■r^.ci^cJ:^). — ©^ 

^<!:S*f©^^©Slj2Jli. — ©^SS©i'7yF 

u— tf|g8iiffl©msis^^fi!05S:'fb-r€.o c*ifcj:f), ff 
p!tte©e " {.-^nmstxi^^^i^nmtZyCLifi 

[002 1 ] *^B^«:^^y-/ K^*^jes§«> 
i^wr^m ©y-Y>*v Fs*»iKS8i, iii©y 

^■5.ifi»*©m2©y'f>;<7V Ymmmit^m^i, 

VAl^^A FM^lc^ljgJgS-CAor. ||l©y F 
S!3fe3»2S!8©S«flBS& RC;. |pr2 ©y>^ FS 
?fe3liSS8©SMJmS©§ ^ i , swims i >Pf ^RST 

[0022] *^BJK:0^^y-f l/iiA FS*^j^S8t? 
»e L/cH 2 ©y-f F^jS»8S©«WS 

fc, :0ttt/c»2©y-Y>:fV F^^»88©^««ffliJ 
m@tCjlHmS£?rS£r C <!: Kfc 0 , ^jSja*©ia;u^i!g^M 
©5tagj8!iffi%«^-r 5 C «!: *J-C t S. 
[0023] • 



mm. Rzjf. 02 (a) t (b) -en^tx, ^jiiiiiss 
4 2 B t . "^omAxmrnm^mmcDT icm-f h ti 

C 0 0 2 4 ] ***feJf$®«fSTW. 3 jB©n fflISflB4 2 A 

'-C=&2Sil^-tiri<l©nfiMS4 2iL.. HlOnffJ 

tgmA 2 i pfflijs@2 8 iL<Dm<x.mi3^(o^^^m.-r 

tv E2 (a) «C^-r<k^K. Oi 
|5H;i>-lf«;ftt«ISi«r^. *3S!(*w— !f3R^=■l 0<b|^ 20 

C 0 0 2 5 ] aye. mi?gaAMJ^ilTOnffliJ^ffi4 2 B 
%:*-:7tJt«CCL. ■e-©PlB!l<DnfflJ®Bi4 2 A. 4 2Ci 

pffi!jm@2 8 t<Dmvimj3\^<omT^^^-^ t , S2 
(b) {c^-rj:5«:. ^:»:i^r*s^{kLt:. <t'jgl:^isj 

7-itiW*iffi;*^ofc©i^ffl^c«^ (SI 1 (a) Jc^f 

[0 026} nliJfM4 2C©*^«:IB^|p]©f| 

SiE4rSit-r<t, «iJ£:9'1fiWnfpiJ«®4 2CtC{i-:./c^?iJK: 30 

Zf 2 -cnm-Ti J: ^ k: . u — !f jfc©fflS«SiH#jfi©*!fK: 

[0027] cnicj:*). 2|i:||Jfe}g«Ca|©*aS(*u— !f 

^^4 0=i:^y^-j!7Ty:^(D%mtLXmmb, 3ffl© 
n PJ@ffi 4 2 A ~C t p ffll^ 2 8 i ©H-CmjEEPW?: 

ctj&srds. cto-c. >t*«3U>X(c.i:>s^t2«iif-# 

©^ ^ h 5 f + >i'-9--sl<ffl© 1 flll€r^rSC i**-C 
[0028] 

2ts5S5^fi^«. mmmmm i ©esc^wr* -p/c > m 3 . 
?fe^{^©nffl!j«@©ieg*^-ri5S0r*-5. 
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)t2<l©nffl!jllS4 4A. 4 4Bi. HiW^S<bt*5*t 
ffliJ©SffiaM^EK:^l^ n fliM@4 4 C <!: «:»f!l 
Sntrui, 2|c5ii^««!t:-«, n©JSffi4 4ARtJf4 4C 

n«®4 4BRiyt4 4C{c^«)#A.Si> U-if36». 
03{C^TJ:'5CC. E13-C»I{C^©UiW:^[^?:ftS0 
m-)M^$-\i^Ct-i)i-Cti>. nm®44A. 44B 

[0 02 9] 

it£gi^U--if^^©^Mff?ggg!l 1 ©5ft^ga2 

*5Sc^m. IIJteBjS«»li©^iJ©5S^fi>i|r*-5r. 04 
nfflijiiffi4 4*5. mmvmm \ <s>^m \ <owm,m:. 

unit:. MtC. 5S^Wll©nil!l«ffi4 4A. 4 4 3©^ 

©>ii h ^ :/Ml|SLh«:SiJ© n#jmffi4 4 D 4«;irii 
•5. :$3c^t^-C«. 5fe-r. nMli®4 4CR0f4 4Di 
Pffi'jme2 8 t©ra-CWimjS5:ffi-rt. fi£3R©¥#»U 
— lf*^l OiimCi^Jc^ltgLr. SR^HW©d'/!|$ 
14 ( 1 ) 3!>s^C.5.. i^Jl^T, nmmffi4 4A, ^0^4 4 
BK:llIl^jSJS:8£b. niijmS4 4 D5::i-7(CT.5<!;. ffi 

(b) ^Tfctmrn tm^ay^mwv-^^^^L 

j&o. 0 "#tt (2) im<.ts.h. c©^jt*i^w^c: 
[0 03 0] jji^f^ u -if ^^^©gQfeiBfigg!! 2 

)15j3g{f!l©'5-V>*V FM*^**U-tf^^©^E£^ii^-r 
KffiS, 06 (a) RO^ (b) ». ^ii^ti, 

*©«S£^^sr^-r»r®ia-c*^). *ia*jgs«?a©y-Y 

Ofmjj£tt^ffl«c®«fiS*I^C^T. t!£3fc©3|£S»fl:U— IfJR 
^^1 Oi|iH;fitfi!E*«A-CC»^. 
[003 1 ] 1>'*^5 0«. Sffi«jtt 

^mmmm^m^. ^sic^-rjr^tc a«i 2©s 

ffi{C^WP,*X/£Ml©nffJj1l@5 2<i:. mi©nfflijm@ 
5 2 (tJ*!^ Lr . %V=y-i ^'ttomitaAM^iCSiW 

enfc p flijs@ 5 4 i . p fflijme 5 4 ©pnwtcistw 6n 

fclS2©nffli]aS5 6 A. Bi^mrt^^. ^Lr. 
ll2©nffliMS5 6A. BOTli. p-AlGaAsi' 
'yv FBI 8©±g|JRC?p-Ga As ^^i^i* FJB2 0 
iPht^^V y ^»^■e, n S©ajiJi 5 8 jJiJgfiK ? n 
■r -5. :*:JliiJf$JiW-C». p - A 1 G a A s i' ^ ">» F 
SI 8©±SPZttfp-Ga As d» FJ12 0*5<?>«t 

•SpSUai. ajill5 8©nM@i©pn^Bt{C<fcSS 
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[0032] pfflij«iffi54i, mm2(omm<omi<D 
[0 03 3]—*. pmm®5 4t. m^i2(Dmm<o 

IS2<DnWJmfiB5 6 A. Bi pfflMSS 4 <!;<Dra^CJS^/^' 
-^Tx^©«)EE=&EPjb^■rS^. «lji®5 8 i p - A 1 G a 10 
A s r>5 1 8 (Drnmcjim^tifcp nS-^©^^ 
aiA^Sfc^L. 116 (b) (C7n-rJ;^'tc. u-iflgKiffl© 

*fcj!pfcd 23iS/jN^<!&*J:5fc!i«S5*>?>t?* 
C(D!fSS, 06 (b) tc^-rJ:^Cc, ij^CimSS^fl? 
0 1 1 (b) -Q^mL>1ci.^Ke iitmih 
th,-^^^. pffiijmffi5 4<!:nffiijli®5 6 A. 56B 
i<DelK:E^*^L/cJl!-'^VT:^«)I*^{b$•^^SC<b{ci 20 

[0034] mi^^?S*5^<t-r ■& i. 31^. 

•rig^©i>#i>ffl ( 1 1 h) fcs:<b-r«o-c. c®0 » 

3!>SBJte-C*-5-C. p<a9«Bffi5 4inffl"I«@5 6A. 5 6 
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